technique in food treatment to inactivate microorganism. This PEF is an alternative method from conventional thermal methods in food sterilization industry. The role of PEF is to maintain the foods flavor for a small difference range of temperature to find fresh quality of nutritious foods. The new topology for power electronics converter with Marx configuration based on PEF has been proposed and designed using MATLAB/Simulink. The results of the simulation work will be analyzed to determine the workability of the circuits in fulfilling the required specifications for effective sterilization of liquid food. The topology has been carried out due to several advantages compared to the preceding circuits.
INTRODUCTION
The sterilization process is a very important process in food products which is will maintain and sustain its quality. The heating process is the well known process in the food sterilization that will demolish bacteria and inactive some enzymes. In order to make the protein inside the cell denaturalize and cell dies in the traditional sterilization, the food is heated up to a certain temperature, and in heating process, even if the contaminate germs are killed, but it will degrade the smell, color and taste of the food. Moreover, through this method, expected effects will not be attained if the food is sensitive to heat or has some special requirements [1] . This paper presents the results of a simulation on a power electronics converter with Marx configuration based PEF designed using MATLAB/Simulink. It depicts the simulation on the power electronic based pulse generator circuits that is able to fulfill the pulse specifications of a PEF liquid food sterilizer and some analyze about the performance of the power electronic based pulse generator circuit have been discussed. This new circuit topology of the PEF generator has been proposed due to drawbacks of the previous topologies of liquid food sterilization systems which include higher power consumption, complex circuit and configuration as well as bulkiness due to the use of transformers to boost to the required output voltage.
PEF technology for inactivation microorganism is one of the promising non-thermal energy efficient alternative and replacement for traditional thermal pasteurization techniques. It works due to the application of high intensity PEF across the food sample [2] . PEF processing is a non-thermal method of food protection that uses short explodes electricity for microbial inactivation and minimal causes affected on food quality element. PEF processing is warranty high quality fresh like natural flavor, high nutritional and shelf-life. PEF pasteurization kills microorganism and inactivates some enzymes but some acidic foods need refrigerated storage (to preserve flavor quality for extended periods of time) after PEF treatment [3] .
PEFs for liquid food processing consume power being less than 10% of that required for thermal pasteurization, so the temperature rise during PEF is only a few degrees Celsius for equivalent bacterial kill (versus 80 -100 Cº for pasteurization). Surprisingly, PEF method only required less than 5℃ of temperature rising and the effect of sterilization is obvious, if the condition of sterilization is well controlled. By this chance, sterilizing method can beat the commercial requirement and it suitably for the food most sensitive to high temperature by mean PEF hardly affect the quality of food [4, 5] .
A Marx generator is a type of electrical circuit in generating a high-voltage pulse. It was first described by
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Erwin Marx in 1924 [6] . By brilliant idea of charging several capacitors in parallel, then discharging them in series connection may produce a high gain in voltage [7] . It has been used for pulse power sources where by energy storage is the fundamental of pulsed power systems. The most popular method of energy storage for many applications includes high energy density physics, particle accelerators and flash radiography [10] .
Previously Marx generator has been implemented using spark gap technology and had low pulse repetition rates [9] . Nowadays, Marx generators can be widely used for high pulse repetition rates based on semiconductor switches [10] . However, these generators have low output pulse voltage due to the limitation of voltage rating of semiconductor switches.
The basic principle of Marx generator is made up of a number of capacitors that are charged in parallel to a given voltage, V, and then discharged in series that will produces an output voltage multiplied by the number of capacitors stages. Proper performance depends upon capacitor selection and the triggering of the discharge. The Marx charges its capacitors by DC power supply through the charging resistors in parallel mode. The resistors are used in Marx generator to charge the capacitors in charging mode and for isolation purpose in discharging (high voltage generation) mode. The system loss becomes lower if the resistance values are higher [7] . When the first switch is triggered, the second switch feels almost double of the charging voltage so that the second switch is turned on because the voltage is larger than the hold off voltage of the switch [11] . This process goes on until all the switches are closed, and all the capacitors are connected in series that will be considered as "erecting the Marx" [11] .
II. METHODOLOGY .
A basic topology of a liquid food sterilization system as shown in Fig. 1 is chosen. The complete circuit diagram is illustrated in Figure 2 . This system consists of an AC voltage source, full-bridge uncontrolled rectifier using diode configuration, boost converter using MOSFET switches (the selection of MOSFET switches are chosen due to its good performance for fast switching) and Marx generator which also uses MOSFET as its switches with resistive load. In this design, the source is 240 V rms and it has to be converted to peak value to be used for the calculations in MATLAB/Simulink. A full bridge uncontrolled rectifier is used in the design with the main function of converting the AC input source to DC signal.
A boost converter is used in the system in order to step up the voltage from the rectifier output (340 V) to 1.5 kV that will be used as input voltage to the next stage which is Marx generator. The duty ratio is 0.773 in order to obtain the approximate value of the input voltage of the Marx generator, 1.5 kV. The switching frequency of the MOSFET is set to be at the nominal frequency of 50 Hz.
The resistors (R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 and R 8 ) are employed in the Marx generator to charge capacitors (C, C 1 , C 2 , C 3 , C 4 ) in parallel. These values of charging resistors and capacitors respectively are 1 kΩ and 1 nF per each based on the assumptions. Once the MOSFET (M 1 ) is triggered, the first switch voltage drops which increases the voltages across the remaining switches, causing a chain reaction of self triggering. During discharging mode, it assumes no resistance because the capacitor reactances are larger compared to the charging resistors. The capacitors are then momentarily switched into a series configuration, delivering a voltage pulse to the load through 4 stages that result 1.5 k × 4 = 6 kV. The output switch (M 8 ) is presented to isolate the load while in the charging mode and to ensure full Marx erection before energy is transferred to the load. The high resistive load, 10 kΩ is picked up in order to consume less output power in the system. A Marx Generator is a modification of charging and discharging connection, several capacitors was been charge in parallel but when it come to discharge the network convert series thereby the output voltage. The output voltage of the Marx generator is the product of the number of Marx stages and the charge voltage per stage. The output from the previous stage (1.5 kV) is used as a DC supply to the Marx Generator. In this system, 4 stages are cascaded in order to attain the output voltage of the liquid food sterilization system, 6 kV. 
III. RESULT AND DISCUSSION

A. Simulation Model Using MATLAB/Simulink
The simulation model using MATLAB/Simulink has been showed in Fig. 3 . It represents the full circuit of this system which is starting from source, rectifier, boost converter and Mark Generator stage. The details was been discussed in part Methodology. Fig. 4 depicts the final result of the liquid food sterilization system that consists of output voltage, output current and output power. A 6 kV output voltage has been generated by the system as desired for inactivation of microorganisms in liquid food. Moreover, low output current and power have been produced which are 0.6 A and 3.3 kW respectively. The pulse is produced with a repetition rate of 50 Hz (20 milliseconds).
B. Simulation and Analysis of Results
A clearer picture on the widths of the pulses at 1 μs is as shown in Fig. 5 . Furthermore, due to the advantage of being a simple system with easily controlled parameters, unipolar EDP (Exponential Decay Pulse) has been produced for electroporation purposes. The power electronics converter integrated with the Marx generator is proposed in this project because it offers many advantages. Firstly, Marx generators are known to be effective systems for efficient voltage multiplication; hence, it can omit any transformer usage in order to step up the voltage. Therefore, this topology can significantly reduce the weight and bulkiness of the system due to it being on transformerless on this aspect. Furthermore, the topology has been presented in a simple way and it is expected to cost less. Other than that, a low supply voltage power (240 V rms ) is used which is simply that of the utility source. Besides that, low power consumption is attained in the proposed system. The selection of MOSFETs as the switches is the best choice due to its high switching frequency and long lifetime device. Besides, lower average power dissipation, smaller physical size and lower on-resistance also are some of the benefits of MOSFETs.
IV. CONCLUSION
A power electronic based PEF generator that consists of rectifier and a boost converter with the Marx generator has been successfully designed and simulated using MATLAB/Simulink. Based on the simulation results, the proposed circuit was found to be functional in fulfilling the specification to kill of microbes in liquid food. It will produced a 6 kV output voltage with repetitive rate of 50 Hz, electric field intensity of 12 kV/cm and pulse width of 1 μs. A unipolar EDP also has been produced to make sure the system can be more efficient and effective in the sterilization of liquid food.
